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KAY- A Nnviri ^^MTrrESVSTF M p D ^ m 
BACKGROI JNn np x HE !Nv FNTTnM 

W r T ,nVemi ° n reJa,CS l ° 3 n0Vd ** ^ is * - mber of .he 

andA>r _ guI a^ applications. Funhermore, «* transfected wjth fc for 
I" 0 " ,,g : d " - * - *-» » - "mors, a Utoimmune J 
proteins can have ammunoregulatory applications. 

10 and • ,Un, ° r - neCr0SiS f3Ct0r HN^Hd-ed cytokines a* Viators of host defense 
and , mmu „e Ration. Members of this family exist in membrane-anchored ™ 

acung locally through cell-it, c.n ancnored forms, 

• ° f M SKreted P roleins "panic of diffusing 10 

to a, leas, I , recognrzed recepior-ligand pairs, i„c,„di„g : TNF:TNF-R- LT u-TNF » 

LT-CplT-p-R; Pastas; CD^dXO; CD30L.CD30 

OX40L:OX40 and 4-1BBL 4 -lBB The ™. "»7L.CD27, 

only ahou, 25 * , 0 aboo , " ' "* "'— <" C °*"' *- "ave 

20 am ./ 5% ' OabO "' 30 *" d ™"y"eve„,hc mos, rehued cases, ahhougn ,he 

20 anunoacidrelaiednessisabouiSOSl,. 

The denning fearure of ,„ is family ,, ^ 

Zm T " ° f 8e " eS C " COdeS 8lyC ~ *«— « of Type , 

25 Pro,dnS ^ MramK,1UW ^ b «»ado n ,a i „,a Stosle " 

~ e r t ,isand bindins exhibiis • « —* 

«d core don™, winch, depending upon , he panicl]|ar 

three, or as many as six. ; 85 

30 Preens i„ TNF tan, of U ga„ ds OT cnaracleri2ed . 

normally s „„ n hjdrophillc ^ oftM £0nlajlij 
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transmembrane tegton and a„ ex,raceil u ,ar region of variable length. ,ha, sepamtea ,he 
C-temnnal receptor binding domain from the membrane. This region ,s sometimes 
refers ,„ as ,he "snUk" The C-terminal binding region eomprises ,he bulk of ,he 
pro,e,„, and often, bu, no, aiways, contains glycosylate si,es. These genes lack ,he 
> c.ass,c s.gna, sequences charac,eris,ie of ,ype I memb rane proteins, ,ype D membrane 
proteins wi,h .he C terminus lying ou , side ^ cell , ^ , shon ^ 
restdmg m ,he cyopbrsm. In some eases, e.g., TNF and IT-a, Ceavage in ,he «lk 
regton can oeeor ear! y during prorein p r „ cessin6 Md , h£ ^ j$ ^ ^ p 

,n seerered fonn. Mos, Uganda, however, exist in a membrane form . raedialjng ' 
0 localized signaling. 

The structure of ihese ligands has been well-defined by olographic 
ana,yses of TNF, LT-a, and CD40L. TNF and lymp„o,oxi„-„ (LT-a) am both 
structured in.o a sandwich of ,wo an.i-paraUe, Reared sheers wi«h ,he "jelly roir or 
Greek key .opology. ' The rms deviation beiween th. Co and B residues is 0 6. C 
suggesung a high degree of aimilarfty i„ ,heir molecular .opography. A s.mcurai' 
/earure emerging ftom molecuiar studies of CD40L, TNF and LT-a is ,he pmpensi.y ,„ 
assembie ,„,o oligomer* complexes, toinaic ,o ,he oiigomeric smrcture is ,he 
fonnation of ,he receptor binding site a, ,he juncuon be.ween the neighboring subunits 
creatmg a multivalent Ijgand. The ountenttny stntctuma of TNF, CWOL and LT-„ have 
been shown ,o exts, aa tnmers by analysis of .hei, crystal structures. Many of the 
ammo acids conserved herween the different Uganda am in strerches of the scaffo,d fi- 
shee,. I, ta likely mat ,he baaio sandwich atntcmm is in all of these 

molecules, since ponions of theae scaffold sequences am conserved across the varioua 
famtly membera. The quatematy structure may also be maintatned since the aubuni, 
conformauon is likely to remain similar. 

TNF family members can best be described as master switches in the immune 
system controlling both cell survival and differentiation. Only TNF and LTo are 
cutrently recognized as secreted cytokines eontrasttng wnh the other predominancy 
membrane anchored members of the TNF famtly. While a membrane form of TNF has 
been well-characterued and is likely to have unique biological ,„,es, secreted TNF 
fimcons as a general ahum signalmg ,„ cells more dtatan, from the site of the 
mggering even,. Thus TNF secretion can amplify an even, leading ,o ,he 
well-deacnbed changes in ,he vasculare lining and ,he inflammatory s,a,e of cells In 
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30 
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contrast, the membrane bound members of ,h~ t ■, 

„ ceus m direc , T ,hough ,he TNF m 

«k„i » , rexam P ,eTceJJs Provide CD40 mediated 

.xsr • i r "Si, J Fas hgand and TRAH ran 

eff,Ciemly ,ndUC£ *- * - and the, receptors most* J^Z* 
canonical death domain, Presumably the ligand to DR-3 (TRAMP^L n 
10 all into this category Next there arP , h r JR AMP/WSL-1) wouJd also 

gory. jNext there are those hgands which trigger a weaker Hp,, h • , 
limned to few cell types and TWEAK CDW v * „ ,gnaJ 
class H«».i.- JWtAK 'CD30hg an dandLTalb2 are examples of this 

class How thls group can trigger cell death in the absence of a canonical death d ■ 
» an interesting question and suggests dim . " 
m . . SUggests 1,121 a se Parate weaker death signaling 

mechanism exists. Lastly there ar* ,h«« u 

**- ^ pathway invo)ving regul8 , ion onhe •> 
widespread expression patterns of TWEAK and TRAn ■ ^ 

rece„, ly jn dlscove ^ of , w recepi<>rs ^ ^ 

e. a, m " ** » «*» (Btojatsoh 

' 996 ' Mo "'«"">^e, a... ,996; Smith, !994; Vassalii ,092, 

re^iZh 2 media ' 0, ° fSeP " C *"* ™" - " » - 

Z **** «" - * infect 

as well as having antitumor activity vi TNF k a ic«- , 

diseases * TNF m av h , " ^ * n djfferem auIO ™ne 

fibroblasts ^ ^ ° f Ce,,S " — P^es, 

iiorowasts, TceJJs and natural kiiler cells viii TMfk-^ 

*™# specific intrace)talar * ™ >' * » -Ptore, eac„ 

effects of TNF»™p stinahng moJecuJea-. thus re s U l.i„g j„ djff<!renl 

seereted c^ol. "** " 2 ^ *» « - ' — 
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LT-a shares many acuities with TNF. i.e. binding to the TNF receptors/' but 
unlike TNF, appears to be secreted primarily by activated T cells and some 0- 
Ivmphoblastoid tumors/" The heteromeric complex of LT-a and LT- P is a membrane 
bound complex which binds to the LT-0 receptor/* The LT system (LTs and LT-R) 
5 appears to be involved in the development of periphera] lymphoid organs since genetic 
Eruption of LT-p leads to disorganization of T and B cells in the spleen and an 
absence of lymph nodes.- The LT- P system is also mvolved in cell death of some 
adenocarcinoma cell lines." 

Fas-L, another member of the TNF family, is expressed predominantly on 
JO activated T cells.- It induces the death of cells bearing its receptor, including tumor 
cells and HIV-infected cells, by a mechanism known as programmed cell death or 
apoptosis "" Furthermore, deficiencies in either Fas or Fas-L may lead to 
^proliferative disorders, confirming the role of the Fas system in the regulation of 
immune responses/- The Fas system is also involved in liver damage resulting from 
hepatitis chronic infection"" and in autoimmunity in HIV-infected patients." The Fas 
system is also involved in T-cell destruction in HIV patients/* TRAIL, another 
member of this family, also seems to be involved in the death of a wide variety of 
transformed cell lines of diverse origin/"" 

CD40-L, another member of the TNF family, is expressed on T cells and 
induces the regulation of CD40-bearing B cells/*" Furthermore, alterations in the 
CD40-L gene result in a disease known as X-linked hyper-lgM syndrome/*" The 
CD40 system is also involved in different autoimmune diseases*" and CD40-L is 
known to have antiviral properties/- Although the CD40 system is involved in the 
rescue of apoptotic B cells/"" in non-immune cells i, induces apoptosis""" Many 
additional lymphocyte members of the TNF family are also involved in 
costimulaiion. xxix 

Generally, the members of the TNF family have fundamental regulatory roles in 
controlling the immune system and activating acute host defense systems. Given the 
current progress in manipulating members of the TNF family for therapeutic benefit it 
•s likely that members of this family may provide unique means to control disease ' 
Some of the ligands of this family can directly induce the apop.otic death of many 
transformed cells e.g. LT, TNF, Fas ligand and TRAIL (Nagata, 1 997). Fas and possibly 
TNF and CD30 receptor activation can induce cell death in nontransformed 
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lymphocy.es which may p,ay an irnmunotegu.atory funcUon (Amakawa e, al ,996- 
Nagata, ,997; SyM a, a!., ,996; Zhang a, a!.. ,995,. h, genera,, daa,h is triggeted' 
Mowing ,ha aggrega,io„ of daa,h domains which reside on ,he cytop,asmic s,de of .he 
TNFreceptors. The death domain orchestrates , he assembly of various sigmd 
5 tmnsduetion components which resu,, in ,he ac,,va,,on of ,he caspase cascade (Nagata 
1997). Some receptors ,ack canonica, death domains, e.g. LTb receptor and CD30 
(Brownmg e, a,., ,996; Ue e, a,., ,996) ye, can induce ce„ death, „bei, more weakty 
,. ts ,ike,y tha, these receptors function primardy ,o induce ce„ differentiation and the 
death « an aberrant consequence in some transformed ce„ ,i„«, ahhough this picture is 
unCeaa as studies on the CD30 n„„ mouse suggest a death ro,e in negative se,ecUon in 
*e thymus (Amakawa e, a,., ,996). Conversely, sig„ aling lhrougll 0 , he , ^ 
as CD40 ,s required to maintain eell surviva,. Thus, there is a need ,o identify and 
characterize addition* mo,eeu,es which are member of th. TNF famdy thereby 
providing additiona, me ans of controlling disease and manipulating the tmmune 
] 5 system. 

SUMMARY ri F THF INVp jTirMP 

According,,, the present invention „ direct ,o a nova, p„,ypep,ide referred ,„ 
as Kay-hgand, which substantially obviates one or more of the problems due ,„ the 
hmttattons and disadvantages of ,he re,a,ed „. The inventors have discovered new 
members of the TNF famdy of cytokines, ^ defined both the human amino acid 
sequence of the protein, as we,, as the DNA sequences encoding these protems The 
churned tnvention may be used ,o identify new diagnostics and therapeutics for 
numerous dtseases and conditions as discussed in mom detai, be,ow, aa we,, as to 
obtam information about, and manipujate, the immune system and its processes 
Additional the invention may be i„v„,ved in the induction of ce„ death in 
carcinomas. 

Additional features and advantages of the invention wil, be se, fonh in the 
description which follows, and in par, wil, he apparen, fro m ,he descriptton, or may be 
-earned by practtce of ,he invention. The objec„ve S and o,her advantages of ,he 
mvention win be realized and anained by ,he composing and methods particularly 
potnted on, in the written description and Cairns hereof, as we,, as in the appended 
drawings. 
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nw a y aescribed **nm, the invention includes 

se< l uenc ^ encoding Kay-Jigand. Specifically rh. ■ 

P ec,I,ca "y> the invention relates to DNA 

additionally provided in cart ,h, n W a Applicants have 

y P ,„ pan the DNA sequence for murine Kay-Jigand SEO ID NO 

3, and the protein encoded by SEQ JD NO 3 k / 

/ ^-v- jxa jnu. 3 is provided in SEO m mo^ i 

gnd having the fences ,den,if,ed i„ SEQ. m. NO. , or SEQ. n, NO 4 
The.nven.ionj^e^,,.,,,^^^ • 

20 -Ufe ho, may he use d in *. P0SSeSSi " 8 e " iSOn,al ^ 

h Che, emhodimems, ft, invent re,a,e s ,o me,hod S of p,od ucjnE 
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«— - of cancer, .umors or ,he rnlnipulahon of , he ^ ^ ^ 
— og* diseases. SoJub|e foms 0 , ^ clajmcd ^ ^ couM ^ 

■denuficabon of the recep.ors for .hese u t mds. 

Addl.ionally, in omer e mbod,men,s ,he claimed invention re,a,es ,„ anybodies 

r h t ,hc Kay " ,,8and ' wh,ch ™ * f ° r •*< — 

cancers and mansion of th e ilranune sys , em , 0 ^ ^ 

In ye, o,her embodiment lhe inveMjon ^ |o 
■he genes for Kayligand, a, disclosed and claimed herein ' 

The phanuaceubca, preparaUons of ,he invemion may, oprionaHy, induce 



. * * '° ta borh ,be foregoing genera, descriprion and me 

prov.de (onto explamnion of >he invemion as claimed. 

The accompanying drawings are included ,o provide a funhe, undemanding of 
e nvenbon, and are mcorpora.ed in. and conaUeure a pan of , his spectfcauon 
us,ra,e several emhodimems of me invemion, and mgerber wid, , he descripli „ _ 
20 '°«plarn me principles of, he invemion. 
DESCRIPTION, ^ FrHr rr 3 w E!ss 

Filnre 1 : An al.gumen, of ,he ammo acid seances of murine and human Kay Ligand 

^---uencemmeupperhnewasoh.ainedhydirec.clonlngofd.ecOKr 
The human seouence reuecs a compose of a parria, cDNA seouence and V RACE 

Figure 2: A fragmen, of human KayL cDNA was used ,„ probe . norlhen , „,„, rf 
RNA s from various human [issues. 1, can be seen that a roughly 2.4 kb KayL RNA is 
30 expressed primarily in dre spleen and peripheral blood lymphocy.es, i.e. in L 
secondary lymphoid organs. 
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Reference will now be made in detail tn ,h. „ 

k« fragmems Md homolo 3 T ces ta code «* *— - — 

in hos,s „ a „sf OITOd wjIh , hem _f re ° f ' ^ eXP ' eSS '°" °< ** DNA seances 

* » d , he Pep , ides encod j *2 : r"° n re,a,es ,o - * — ™ — 

A - PEFlNTTTOMg 

"Homologous", as used herein refer, to rh* < 
•0 fences of m „, ttuJes ^ c _ t ^ ~ — * 

-9— « occupied by , he IX ^ 8 P0S " i °" «-* <* «* - 

-Won in each of lwo Z Z OT am, "° ^ " SUbUni '' " 

of ,he „ umber of ma , h b ° m0,0£y 1TO «*«*. k a 

o - , 0 ^ maximuro i o) ;;* 8 <• «* — two se , UCTKS 

- he,ei„, means . , ha , ^ /J ~ <* = MypepUde, 

a*o -ieic acids wi, h which „ J d °«*< a™*-. 

^■edf^her stances «. ~ ***'*'• * * *> 

ts > c -£-< antibodies, matrices: <»,,- ,„k- u 
purify it. "winces, etc., winch are used to 

8 sequence, ,.e. L, g and encoding episomal eleiuems 

A substantially pure nucleic aciH" 
acid which is one „, ^ m ' " ^""'^ p " re DNA, is a nucicc 

-fences e . cl £ l """«"- ~» - - of 

end) ,„ the naturally-occurring genome of the 
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orgamsm from which ,he nucleic acfd is derived; or (2) which is substantial,, free of . 
nucletc acid sequence with which i, occurs in the organism front which the nucieic acid 
» dcnved. The tenn inciudes, for example, a recontbinant DNA which is incorporated 
tnto a vector, e.g., i„,„ an autonomously replicating plasmid or Vitus, or into the 
geno m ,c DNA of a prokarvote or eukaryote, or which exists as a separate molecule 
<e.g„ a cDNA or a genomic DNA fragment produced by PCR or restriction 
endonuclease treatment) independent of other DNA sequences. Substantially pure 
DNA also includes a recombinan, DNA which is pan of a hybrid gene encoding Kay- 
Jigand. J 

The terms "peptides", "proteins", and "polypeptides" are used interchangeably 

"Biologically active" as used herein, means having an in vivo or in vitro activity 
wh.ch may be performed directly or indirect* Biologically active fragments of Kay 
Ugand may have, for example, 70% amino acid homology with the active site of the 
Lagands, more preferably at least 80%, and most preferably, at least 90% homology 
Idennry or homology with respect to the Ligands is defined herein as the percentage of 
ammo acid residues in the candidate sequence which are identical to the Kay-ligand 
residues in SEQ. ID. NO. 2. 

The practice of the present invention will employ, unless otherwise indicated 
conventual techniques of eel, fcology, cell culture, molecular biology, transgenic ' 
biology, rmcrobiology, recombinan, DNA, and .mmunology, wh.ch are within the skill 
of the art. Such techniques are described in the literature. 



herein. 
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B ' DNA SmilFMPPs ofthf JjjVSSm 

As described herein, one aspect of ,he invention fea, ures a substantially pure ,o, 
t-mbmapt) nucleic acid which i„ clu des a nucleotide sequence encodmg a Kav,,gaod 
such as the DNA described in SEO ID NO l w/ , 
, - , , VmNO ' land/or «l"'valentsof S uchn U c]eicacids 

The te™ „ ucl e,c acid as used herein can i„c, od e fragmBlls md such 

example, fences encoding toclionaIly equiva , en , ^ 

fences may include sequences ma, differ by one or more nuclide subs,i,u„o„s 

rr t de,e,,ons ' such 35 " ,e,ic varian,s - ~ ^ «— 

ha, drifer from ,he nuclide sequence encodmg Kay,iga„d shown ,„ SEQ. ID NO- I 
10 due.o the degeneracy of , he frenetic code. 

desc iDVe "' 0rdeSCribeS ^ "* h -™- - -I—; the invention wi „ te 

r tt by referenc£ ,o ,he ^ - -** - - - 

air T I """ ~ The human pro ,e tas 

a^eae to have a,, of the characteristics of the TNF family, i.e., a type D membrle 
ptotem or g a„, Z a,io„ and conservation of me sequence mo,if s involved in the foldi„ e of 
the protein into the TNF ami-parallel p-sheei structure. 

The nucleoude sequence for Kay-li ga ,d is „ f„ nh ln SE Q. ID NO 1- .he 
ammo acid sequence for Kay-lijand is described in SEQ ID NO 2 

The sequences of the invention can be used to prepare a series of DNA probes 

presence of DNA sequences that are closely related to Kay-ligand. or fragments or 
derives thereof. One sKHed in the an wi„ recogni. lha ~ 

The DNA sequences encoding the Kav-Lieanr. nf ,h„ 

e y i - 1 ? and o» the invention can be employed 
o^uce the clatmed peprides „„ expression in various proharyoric and e„ ka ,o c 
hosts ^ed with mem These pepUdes may be used in anti-canccr, and 
_gu, a , OIy appllcallons . ,„ gen£rai th . comprjKs ^ ^ 

transform w,,h a DNA molecule containing the sequence encoding Kay-ligan 
operatrvely-linked to an expression control sequence. 

can be T ^ """" " ' CC ° mb "" n ' ^ " "* »— -ntron 

can be expressed usmg a wide variety of ho^ector combinations. For example usefu. 
vecto, may consrs, of „ of chromosomal, non-chromosoma, or synthetic' DNA 
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sequences. The expression vecoraof ",he invention are characterize., by a, ,eas, one 
expres s ,on con.ro, S a,uence >ha, may be operaiively link* 10 the ^ DNA 
insened in ,he vecio, in order ,o conbo, and ,„ regmare the „„ of 
UNA sequence. 

Furthermore, wi,hin each expression vector, various si.es may be Pieced for 
■nseroon of U,e Kay^and science of me invenUon. The si.es are osua^y designared 
by reason endonnCease which cu,s ,hem, and ,hese si.es and endonuCeases 1 
wen record by .hose sfched in ,he an. „ is of courM ,„ „, 
express™ vec,o, uaefu, in .his invenhon nee, no, have a reason endonnCease si.e 

ex ress.o„ con.ro, sconce, is defined bya var.e,yof facors. These factors 
me ude bu, aac „o, iimiKd I0 , fc sjM ^ ^ fc ^ 

s~ir o,e,D :~ icdegr ^ 

uscep,.b,e ,„ a P a„,c„,ar reason enzy™, Condon or binding of ,he p, Me i„ ,o 
pur.r,ca,io„. Addibona, factors which nray be considered ,„c,„de express,™ 
fences, a„ d 0 ,her fac , ors ^ wj „ ^ ^ ^ ^ ^ 

ho-ca o, a veco, and i„se n ,o„ si.e fo, ,he Caimed DNA seances is defined by a 
*.a,anc.n g o, .hese factors, no, a„ se,ec,i„„ s being e,ua,,y affile for a desire, 
apphcauon. However, i, is r„ u „„a f. r one skiued ,„ lbe „ 10 ^ , hese 

»d choose anapp.pria.esys,.™ depending ,he pan,cu,ar appUcaUo. 

One ski„. d jn lhe „„ ca „ readjJy mate raod . fica| . ons ((> ^ 

expression con.ro, se,ue„ces ,o ob,ain higher ,eve,s of pr0 , ein expressl0n , u 
subsu^on of colons, or aeiecon, codons f„ r panicular ^ acjds ^ ^ 
prefere„.,a„y used by panicu.ar organises. ,o minimize pro,eo,ysis or ,o aher 
, yeosy,a,,o„ co m pos„io„. Uxewiso, cystous may be changed ,o o,her ammo ae,ds .„ 
srmphfy producon, refolding o, S .abi,i,y problems. 

Thus, no, a,, hostTexpression veco, c„mbi„a,,„„s f unc , io „ wi,h e^aj efficiency 

hos,/express,o„ veco, comb,„a,,o„ may h made by .hose „, « ,„ lht an . Facton[ 
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one may consider include, for example, the compatibility of the host and vector, toxicity 
to the host of the proteins encoded by the DNA sequence, ease of recovery of the 
desired protein, expression characteristics of the DNA sequences and expression 
control sequences operatively Jinked to them, biosafety, costs and the folding, form or 
5 other necessary post-expression modifications of the desired protein. 

The Kay-ligand and homologs thereof produced by hosts transformed with the 
sequences of the invention, as well as native Kay-ligand purified by the processes of 
this invention, or produced from the claimed amino acid sequences, are useful in a 
variety of compositions and methods for anticancer, antitumor and immunoregulatory 
10 applications. They are also useful in therapy and methods directed to other diseases. 

This invention also relates to the use of the DNA sequences disclosed herein to 
express this ligand under abnormal conditions, i.e. in a gene therapy setting. Kay- 
ligand may be expressed in tumor cells under the direction of promoters appropriate for 
such applications. Such expression could enhance anti-tumor immune responses or 
directly affect the survival of the tumor. The claimed ligand can also affect the survival 
of an organ graft by altering the local immune response. In this case, the graft itself or 
the surrounding cells would be modified with an engineered gene encoding Kay-ligand. 

Another aspect of the invention relates to the use of the isolated nucleic acid 
encoding the Kay-ligand in "antisense" therapy. As used herein, "antisense" therapy 
refers to administration or in situ generation of oligonucleotides or their derivatives 
which specifically hybridize under cellular conditions with the cellular mRNA and/or 
DNA encoding the ligand of interest, so as to inhibit expression of the encoded protein, 
i.e. by inhibiting transcription and/or translation. The binding may be by conventional 
base pair complementarity, or, for example, in the case of binding to DNA duplexes, 
through specific interactions in the major groove of the double helix. In general, 
"antisense" therapy refers to a range of techniques generally employed in the art, and 
includes any therapy which relies on specific binding to oligonucleotide sequences. 

An antisense construct of the present invention can be delivered, for example, as 
an expression plasmid, which, when transcribed in the cell, produces RNA which is 
complementary to at least a portion of the cellular mRNA which encodes Kay-ligand. 
Alternatively, the antisense construct can be an oligonucleotide probe which is 
generated ex vivo. Such oligonucleotide probes are preferably modified 
oligonucleotides which are resistant to endogenous nucleases, and are therefor stable in 
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vivo. Exemplar nucleic acids molecules for use as antisense oligonucleotides are 
phosphoramidates, phosphothioate and methylphosphonate analogs of DNA (See e g 
5,176,996; 5,264,564; and 5,256,775). Additionally, general approaches to constructing 
oligomers useful in antisense therapy have been reviewed, for example, by Van Der 
Krol et al., (1 988) Biotechniques 6:958-976; and Stein et al. (1988) Cancer Res 48: 
2659-2668, specifically incorporated herein by reference. 



C. KAY-LIGAND AND AMmn A^ p SF.oTTFMrcg T^FPFFOP 

10 The Kay-ligand of the invention, as discussed above, is a member of the TNF 

fanuly. The protein, fragments or homologs thereof may have wide therapeutic and 
diagnostic applications. 

The Kay-ligand is present primarily in the spleen and in peripheral blood 
lymphocytes, strongly indicating a regulatory role in the immune system. Comparison 
of the claimed Kay-ligand sequences with other members of the human TNF family 
reveals considerable structural similarity. All the proteins share several regions of 
sequence conservation in the extracellular domain. 

Although the precise three-dimensional structure of the claimed ligand is not 
known, i, is predicted that, as a member of the TNF family, it may share certain 
20 structural characteristics with other members of the family. 

The novel polypeptides of the invention specifically interact with a receptor 
wluch has no, ye, been identified. However, ,he peptides and methods disclosed herein 
enable the identification of receptors which specifically interact with the claimed Kay- 
ligand or fragments thereof. 

25 The claimed invention in certain embodiment includes peptides derived from 

Kay-hgand which have the ability to bind ,o their receptors. Fragments of the Kay- 
hgands can be produced in several ways, e.g., recombinant*, by PCR, proteolytic 
d.gesnon or by chemical synthesis. Internal or terminal fragments of a polypeptide can 
be generated by removing one or more nucleotides from one end or both ends of a 

30 nuclei acid which encodes the polypeptide. Expression of the mutagenized DNA 
produces polypeptide fragments. 
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Polypeptide fragments can aJso be chemicaJJy synthesized using techniques 
known ,n the an such as conventional Merrifield solid phase f- m0C or t-boc chemistry 
For example, peptides and DNA sequences of the present invention may be arbitrarily 
dtvtded into fragments of desired length with no overlap of the fragment, or divided 
into overlapping fragments of a desired length. Methods such as these are described in 
more detail below. 

D. Generation of Soluble Former Kay jigand and W.,; r , 
Soluble forms of the Kay-ligand can often signal effectively and hence can be 
adnumstered as a drug which now mimics the natural membrane form. It is possible 
that the Kay-ligand claimed herein are naturally secreted as soluble cytokines, however 
>f not, one can reengineer the gene to force secretion. To create a soluble secreted form 
of Kay-hgand, one would remove a, the DNA level the N-terminus transmembrane 
re gl ons, and some portion of the stalk region, and replace them with a type I leader or 
alternatively a type „ leader sequence ^ wjJ] ^ ^ ^ ^ 

the chosen expression system. A skilled artisan could vary the amount of the stalk 
regaon retained in the secretion expression construe, to optimize both receptor binding 
properties and secretion efficiency. For example, the constructs containing all possible 
stalk lengths, i.e. N-termma, truncations, could be prepared such that protons starting a, 
ammo acids 81 to 139 would result. The optimal length stalk sequence would result 
20 from this type of analysis. 

~ " Generali ™ of Antihorii^ React i ve with the Kay jjgand 

The invention also includes antibodies specifically reactive with the clauned 
Kay-hgand or its receptors. Anti-protein/anti-peptide antisera or monoclonal antibodies 
can be made by standard protocols (See, for example, Antibodies: A Laboratory 
Manual*, by Harlow andU„e(Cold Spring Harbor Press: 1988)). A mammal such 
as a mouse, a hamster or rabbit can be immunized with an tmmunogenic form of the 
pepude. Technique, for conferring immunogenicity on a protein or peptide include 
conjugation to carriers, or other techniques, well known in the art. 

An immunogenic portion of the claimed Kay-ligand or its receptors can be 
admmistered in the presence of an adjuvant. The progress of immunization can be 
momtored by detection of antibody titers in plasma or serum. Standard EUSA or other 
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zzz*"* ta used w>,b - » — * m or 

In . prefer emhodimen,, ,he subjec , ^ 
an ge„,c de.ermmams of Kay , jgand or i|s recepiMs 

homo o g (e . g . 70 , 80 or ^ ^ ^ 

-logons, h „ . ^ prefcmd embodimem ^ presem - - 

Kay-I,gand or anu-Ka,-^™ aofihodies do no , sub ^ ' 

reac, specifically) wi,h a p,o,ei„ which is a « less , han an . 
10 mum * , nlse -8-. 'ess lhan 80 percent homologous lo SEQ 

* NO. o, 6; prefer less rhan 90 percen, homologous wilh SEQ . m . NQ . 2 . J 
«- Preferah, y less .han 95 percen, homologous wim SEQ. „>. N0 2 By .„„ ' "* 
cross «... i, „ mean , tha , fc amjbody ^ a bjndj > 

^o, ogous prolein whjch js less ^ jo ^ _ y 

TOe, 7 M,i ^«-""-i-o.anded,oi„c, ud ef ragratnuthere(>fwhjch 
- - specially .eacfive Wllh Kay , igan<j „ j|s ^ ^ 

ted nsing convex ,echni,ues and Ore fragment ^ for „ u% jn fc 
.an. manner as descrrhed ahove for whole an,ihod,es. Eor cample, R ah> fragl^ 

Lm T,er, u |,mgE W J gme Z 

pi™ " UMde brWEeS '° Pr ° dUC£ Fab '^ CT - T1 * of .he 

presen, m ve„„o„ are funher .mended ,o include hrospecifrc end chimerrc molecuies 

- Pomona, am,hod,es ( Ah, direced agams, Kayligend. Tumo , JigMd ^ ^ 
eccprors and aorihody fragmems such as Pah- and F(ab , 2 , can * J d ,„ ^ 
acnon of rhe Ligaod and rhei, respecivc recepror. 

OVm,e, and Milsrem, Na, U re 349: 29«99 (1991) specifically 
mcomorared by re fe rc „ce hereim, For example, oh,meric anfihod.es car, he _ed 

constant domain (e.g. CabiJly et al 

rh - . , * iai ' u - 5 - 4 .816,567,mcoiporated herein by reference) 

Chimeric antibodies mav rednre th» „u wwencc;. 

animal an ,w ' ,mmuno 8 enic <-«P°nses elicited by 

animal ant.bod.es when used in human dinica] treatments. 
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In addition, recombinant "humanized antibodies" which recognize Kay-ligand 
or its receptors can be synthesized. Humanized antibodies are chimeras comprising 
mostly human IgG sequences into which the regions responsible for specific antigen- 
binding have been inserted. Animals are immunized with the desired antigen, the 
corresponding antibodies are isolated, and the portion of the variable region sequences 
responsible for specific antigen binding are removed. The animal-derived antigen 
binding regions are then cloned into the appropriate position of human antibody genes 
in which the antigen binding regions have been deleted. Humanized antibodies 
minimize the use of heterologous (i.e. inter species) sequences in human antibodies, 
and thus are less likely to elicit immune responses in the treated subject. 

Construction of different classes of recombinant antibodies can also be 
accomplished by making chimeric or humanized antibodies comprising variable 
domains and human constant domains (CHI, CH2, CH3) isolated from different classes 
of immunoglobulins. For example, antibodies with increased antigen binding site 
valencies can be recombinantly produced by cloning the antigen binding site into 
vectors carrying the human : chain constant regions. (Arulanandam et al., J. Exp Med 
177: 1439-1450 (1993), incorporated herein by reference.) 

In addition, standard recombinant DNA techniques can be used to alter the 
bindmg affinities of recombinant antibodies with their antigens by altenng ammo acid 
rescues in the vicinity of the antigen binding sites. The antigen bindmg affinity of a 
humanized antibody can be increased by mutagenesis based on molecular modeling 
(Queen et al., Proc. Natl. Acad. Sci. 86: 10029-33 (1989) incorporated herein by 
reference. 

~ Generati ™ " f Annloi"- Production nf Altered ONA and P.p ,^ Sequences 
Analogs of the claimed Kay-ligand can differ from the naturally occurring Kay- 
hgand in amino acid sequence, or in ways that do not involve sequence, or both. Non- 
sequence modifications include in vivo or in vitro chemical deri vatization of the Kay- 
Lgand. Non-sequence modifications include, but are not limited to, changes in 
acetylation, methylation, phosphorylation, carboxylation or glycosylate. 

Preferred analogs include Kay-ligand biologically active fragments thereof 
whose sequences differ from the sequence given in SEQ. ID NO. 2, by one or more 
conservative amino acid substitutions, or by one or more non-conservative ammo add 
substitutions, deletions or insertions which do not abolish the ac,ivi, v 0 f Kay-ligand 
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TABLE 1 

CONSERVATIVE AMINO ACID REPLACEMENTS 



for amino Acid 
Alanine 

Arginine 



Asparagine 



Aspartic Acid 



Cysteine 



Glutamine 



Glutamic Acid 



code 
A 

R 



N 



replace with any of: 

D-Ala, Gly, Beta- Ala, L- 
Cys, D-Cys 

D-Arg, Lys, D-Lys, homo- 
Arg, D-homo-Arg, Met, 
Be, D-Met, D-Ile, Orn, D- 
Orn 



D-Asn, Asp, D-Asp, Glu, 
D-Glu, Gin, D-Gln 



D-Asp, D-Asn, Asn, Glu, 
D-Glu, Gin, D-Gln 



D-Cys, S-Me-Cys, Met, D- 
Met, Thr, D-Thr 



D-Gln, Asn, D-Asn, Glu, 
D-Glu, Asp, D-Asp 

D-Glu, D-Asp, Asp, Asn, 
D-Asn, Gin, D-Gln 

Ala, D-AJa, Pro, D-Pro, - 
Ala, Acp 

D-Ile, Val, D-Val, Leu, D- 
Leu, Met, D-Met 

D-Leu, Val, D-Val, Leu, 
D-Leu, Met, D-Met 
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D-Thr, Ser, D-Ser, allo- 
Thr, Met, D-Met, Met(O), 
D-Met(O), Val, D-VaJ 



D-Tyr, Phe, D-Phe, L- 
Dopa, His, D-His 



D-Val, Leu, D-Leu, lie, D- 
De, Met, D-Met 



Useful me ,hods for mutagenesis include PGR mutagenesis and saturation 
mutagenesis as diseussed in more detail below. A library of random , 



amino acid 
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sequence variants can also be generated by the synthesis of a set of degenerate 
oligonucleotide sequences. 
-PCR Mutagenesis 

In PCR mutagenesis, reduced Taq polymerase fidelity can be used to introduce 
5 random mutations into a cloned fragment of DNA (Leung et al., ^Technique 1:11- 
15). This is a very powerful and relatively rapid method of introducing random 
mutations. The DNA region to be mutagenized can be amplified using the polymerase 
cham reaction (PCR) under conditions that reduce the fidelity of DNA synthesis by Taq 
DNA polymerase, e.g., by using a dGTP/dATP ratio of five and adding Mn 3+ to the 
10 PCR reaction. The pool of amplified DNA fragments can be inserted into appropriate 
cloning vectors to provide random mutant libraries. 
-Saturation Mutagenesis 

Saturation mutagenesis allows for the rapid introduction of a large number of 
smgle base substitutions into cloned DNA fragments (Mayers et al., !985, Science 
15 229:242). This technique includes generation of mutations, e.g., by chemical treatment 
or arradiation of single-stranded DNA in Vara, and synthesis of a complimentary DNA 
strand. The mutation frequency can be modulated by modulating the severity of the 
treatment, and essentially all possible base substitutions can be obtained. Because this 
procedure does not involve a genetic selection for mutant fragments both neutral 
substitutions, as well as of a protein can be prepared by random mutagenesis of DNA 
winch those that alter function, can be obtained. The distribution of point mutations is 
not mased toward conserved sequence elements. 
-Degenerate Oligonucleotides 

A library of homologs can also be generated from a set of degenerate 
oligonucleotide sequences. Chemical synthesis of degenerate sequences can be carried 
out ,n an automatic DNA synthesizer, and the synthetic genes then ligated into an 
appropriate expression vector. The synthesis of degenerate oligonucleotides is known 
m the art"' Such techniques have been employed in the directed evolution of other 

• 
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Non-random or directed, mutagenesis techniques can be used to provide specific 
sequences or mutations in specific regions. These techniques can be used to create 
variants which include, e.g., dele.ions, insertions, or substitutions, of residues of the 
known amino acid sequence of a protein. The sites for mutation can be modified 
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individually or in series, e.g., hy (1 ^ slilu , to8 fe , wj , h ^ ^ ^ 

■to w„„ more radical choices dependmg upon msuhs achieved. (2, deleung ,he ,arge, 
-.due, or (3) inscin, residues of the same or a differen, ciass adjacent ,„ ,he located 
sjte, or combinations of options 1 -3. 
5 -Alanine Scanning Mutagenesis 

Alanine scanning m „, a g e „e S is is a useful method for iden.ifica.ion ofcenain 
redoes or regions of ,he desued protein ,ha, are prefened mentions or domains for 
muragenesis, Cunningham and Weiis (Science 244:,08,.,085, J989) specifically 
meowed by reference . h ^ scMnjng a residK m group KsMuK 

■dennfied (e.g., charged residues such as Arg. Asp, „ is , Lvs , Md G|u) ^ 
neutra, or negauvely chacged amino acid ,mos, preferably alanine o, polyalanine) 
Replacement of an amino acid can affec, ,he interaction of ,he amino acids wi,h ,he 
pounding a,ueous environmen, in or outside ,he cell. Those domains demons.ratmg 
funcuona, sensi.iyiry ,o ,he substituuons can men he refined hy inducing fi,„her or 
■ Che, vanams a, or for ,he si.es of subsume. Thus, while ,he *. for mmoducing ^ 
ammo acid sequence variation is predetermmed, ,he nature of ,he muu,io„ per se need 
no, be predefined. For example, ,o op,im i2 e ,he performance of a mu.a,io„ a, a 
erven s„e, alamne scanning or nmdom mu.age„esi s may be conduced a, ,he ,arge, 
codon or region and .he expressed desired pro,ein subuni, variants am screened for the 
optimal combinaiion of desired aclivi.y. 

•OligonucJeoiide-MedialedMuiagenesis 

OI.gonucleo.ide-media.ed mu.agenesis is a usefu! me,hod for preparing 
subsfimfion deieUon, and insenion variams of DNA, see, e.g., Adelman e, a,., am 
I >83 1983, mcmpomted herein by reference. Briefly, ,hc desired DNA can be aj,ered 
by bybr,d 12i „g an oKgonucleotide encoding a mu,a,ion ,o a DNA .emp,a,e, where ,he 
template is ,he single-stranded ,o m of a plasmid o, baceriophage conu.in.ng me 
unaltered „, nafive DNA sconce of ,he destred pr„,ei„. After hybridation, a DNA 
polyrrrerase is used ,„ synthesis an entire second complement s „ a „d of ,be ,empla,e 

fc primer, and win code for me scleced 

aherauon in ,he desired pr„,ei„ DNA. Generally, oligonudeo.ides of a. !eas. 25 
nacleoudes in le„g,h are used. An optimal oligonucleotide win have ,2 ,o 15 ' 
""Cleoudes mar are complerely complement ,o .be .empla.e on ei.he, side of me 
nucleo.ide (s , coding for ,he mu,a,io„. This ensures ma, ,hc ol.gonucleottde wi„ 
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hybridize properly ,„ , he sfa«Ie*^d DNA iempjaie molecule The 
obgonuCeot.des are readiiy ^sized using ,ecb„.„,es known in Ure an such as rha, 
escnhed by Creae, a,. (P roc. M* Acad . Sc , USA , 75; 5765|]978J) ^ 
herein by reference. 

5 -Cassette Mutagenesis 

Another method for preparing variaMSi cassette mutagenesis, is based „„ the 
technique described by We„s e, aj. (Gene, 34:3,51,985), incorporated herejn by 
reference. The starring matena, can be a phasmid (or o,her vector) which Modes lhe 
pro,e,„ anbuni, DNA ,o be mutated. The codo„,s, ,„ Ore protein subuni , DNA ,„ fc 
mutated are identified. There must be a unique res.ricdor, endonnCease s,,e „„ each 
srde of ,he identified mutation sile(s , K „ suc „ res , ricIion ^ ^ 

8 enera,ed „s,ng .be described ofigonucieotide-mediated mu,age„es,s method ,o 
mtroduce ,bem a, appropriate ,oca,i„„ s in lhe desjred prmejn subunj| DNA ^ 
resmaion si.es have ^ ^ ^ fc ^ . ^ ^ 

o hnea™ ,, A doub,e-s„anded obgonuCeoride encoding ,be sequel of ,he DNA 
be,ween fc resWcion si.es bu , COMaini „ 8 , he ^ j$ 

standard procedure, Tbe ,wo strands are symhesized separa,e,y and ,he„ hybridized 
together using standard ,e Ch „ ique , TWs doubIe . SIra „ ded 0)iso „ ucleoljd£ ^ 

o r rr ,™ s casse,,e is **** ,o ^ 3, ~ s, ~ - - 

0* en s „f , ne ]lnean2ed plasmjd such (i cm ^ djren|y ^ b 

Th,s pJasirtd now conuins ,he nruuned desired pro,ein subunr, DNA sequence. 
-Combinatorial Mutagenesis 

Combta a ,„ r i a , mula g MesjscanaJsob£usedio8eneraKmuiiuiis £ ^ 

aor.no acid sequences fo, a group of „omo,„gs or other .dated pro,ei„s are ahgneri 

• ~>''<>«^hig h es,bon,„,ogypo S sib,e.AI,of,hea ra i„oacidswbicb' 
appear a, a given position of ,he a, igned sequences ^ h ^ ^ ^ ^ 

degenerate se, of combinamria, sequences. Tbe variega,ed iibrary of variams is 
derated by combinatoria, mu, ag e„es is a, ,be nuCeic acid leve,, and is encoded by a 
var.ega.ed gene hbrary. Fo, ezampfc, . mixlure of synlhe , ic 
enzymaricany ,i |a ,e d inl0 ^ such ^ fc ^ ^ 

sequences are expressive as individua, pepodes. o, a„erna,ive,y, as a set of ,arger 
fus.on p,„,eins containing ,he se, of degenerate sequences. 
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Various techniques are known in the an for XKening generaIed ^ 

produce. Technics for seining ,arge gene libraries often inc.ude cloning Ure gene 
bbrary ,„,„ rep , ic ab,e ex prKsion vectors, transfomij „ 4 appioprjaie ^ ^ ^ 
resulttng .jbrary of vectors, and expressing ,he genes under condition, in which 
de.ect.on of a desired activity, e.g.. in this case, binding •„ Kay-.igand o, i,s receptor 
factlttates relatively easy is0 !a,i„„ of ,he vecor encoding lh e gene whose product was 
dereered. Each of ,he techntoues described be.ow is amenable ,o high through-put 

1" SCrKni " S ^ " C ' ea,ed ' **• by m ~' s 

'0 The tnventiontdso provides for reduction of the proteiu binding domains of th e 

clatmed po,ypep,ides or their receptors, ,„ general mimetics. e.g. pep,i de or „ 0 „. 
pepude agen,, The peptide mimetics am ab,e ,o disrupt binding of Kay-hgand ^ ils 
receptor. The crftical residues of ,he Kay-Hgand involved in molecular recognirion of a 
receprorpoiypepcide or of a downsrream mtmcelltdar protein, can be determined am, 

u«d ,o ge M ra tt ,he Kay-hgand or iis recepior-deriv^ pepudomimedes which 
compemively or noncompetitive!, inhibi, binding of ,he Kayligand with a receptor 
(see, for example, "Peptide inhibitors of human papilloma viros pro,ei„ binding ,„ ' 
re,m„blas,oma gene protein" European paren, applications EP-4I2.762A and EP- 
B31 ,080A), specifically incorporaled herein by reference. 

G. PHARMArpim CAI ^n ppnerr,^^ 

By making available purified and recombinan,- Kay-ligands, , he presen, 
mvention provtdes assays which can be used ,o screen for drug candidal which are 
euhe, ag„„i sls „ r amagonjsIS of ^ ^ ^ ^ ^ 

Lgand, or „s receptor. In one embodimen., ,he assay evaluates rhe ability of a 
compound ,o modulare binding between the Kay-hgand and their receptors. A variety 
of assay formats will suffice and, in ,igh, of the presen, inventions, will be 
comprehended by the skilled artisan. 

to many dntg screening programs whtch tes, hbraries of compounds and natural 
extracts, htgh throughput assays are desirable in order ,„ maximize the number of 
compounds surveyed in a given period of time. Assays which are perfonued in cell-ftee 
sterns, such as may be derived with purified or semi-purified proteins, are often 
preferred as "primary" screens in tha, they can be generated to permit rapid 
development and relattvely easy detectton of an alteration in a mo.ecu.ar ,a r ge, which is 
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mediated by a test compound. Moreover, the effects of cellular toxicity and/or 
bioavailability of the test compound can be generally ignored in the in vitro system, the 
assay instead being focused primarily on the effect of the drug on the molecular target 
as may be manifest in an alteration of binding affinity with other proteins or change in 
5 enzymatic properties of the molecular target. 

Pharmaceutical compositions of the invention may comprise a therapeutically 
effective amount of Kay-ligand, or its receptor, or fragments or mimetics thereof, and, 
optionally may include pharmaceutical^ acceptable carriers. Accordingly, this 
invention provides methods for treatment of cancer, and methods of stimulating, or in 
1 0 certain instances, inhibiting the immune system, or parts thereof by administering a 
pharmaceutical^ effective amount of a compound of the invention or its 
pharmaceutical^ acceptable salts or derivatives. It should of course by understood that 
the compositions and methods of this invention can be used in combination with other 
therapies for various treatments. 

The compositions can be formulated for a variety of routes of administration, 
including systemic, topical or localized administration. For systemic administration, 
injection is preferred, including intramuscular, intravenous, intraperitoneal, and 
subcutaneous for injection, the compositions of the invention can be formulated in 
liquid solutions, preferably in physiologically compatible buffers such as Hank's 
solution or Ringer's solution. In addition, the compositions may be formulated in solid 
form and, optionally, redissolved or suspended immediately prior to use. Lyophilized 
forms are also included in the invention. 

The compositions can be administered orally, or by transmural or transdermal 
means. For transmucosal or transdermal administration, penetrants appropriate to the 
barrier to be permeated are used in the formulation. Such penetrants are known in the 
art, and include, for example, for transmucosal administration, bile salts, fusidic acid 
derivatives, and detergents. Transmucosal administration may be through nasal sprays 
or using suppositories. For oral administration, the compositions are formulated into 
conventional oral administration forms such as capsules, tablets, and tonics. For topical 
administration, the compositions of the invention are formulated into ointments, salves, 
gels, or creams as known in the art. 

Preferably the compositions of the invention will be in the form of a unit dose 
and will be administered one or more times a day. The amount of active compound 
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admins a, one ume or over lhe 2 c 5 ; urse of _ depend m ^ 
For examp,e, ,he age and s,ze of ,he subjec,, ,he sever,, y and course of ,be disease ' 
bemg ,rea,ed, ,he manner and f„™ of adminis„,,io„, and , he judgment of ,he wamt 
phys,cian. However, an effective dose may be i„ ,he range of from abou, 0.005 ,o 
abou, 5 mg/kg/day, preferably abou, 0.05 ,o abou, 0.5 mgAg/day. One skiHed in ,he an 
w.ll recognize rhal lower and higher doses may also be useful. 

Gene construes according ,o ,he invemion can also be used as a pan of a gene 

•berapy protocol rodeltvernuclerc acids encod,nge,,her an agonisuc or anugobisdc 
lorm of a Kay-Jigand polypeptide. 

"> Expression consuls of rhe claimed Kay-Mgand can be administered in any 

b.ol„gical.y effective earner, e.g., any formulation „ conip<)sj , jon capabJe of 
eflecdvely de)ivering lhe ^ fa ^ ^ ^ ^ ^ ^ ^ ^ 

■nclude inaenion of.be gene in viral vectora which can nanafec, cells directly or 
dehvenng piasmid DNA with the he!p of, for example, liposome,, or intracellular 
canters aa we., as direct injeedon of the gene construe, ViraJ vector transfer methods 
are preferred. 

A pharmaceutical preparation of the gene therapy construct can consist 
essentially of the gene delivery system „ an acceptable diluent, or can comprise a S ,o„ 
-lease mania in which the gene deliver vehicle is imbedded. Alternatively, where the 
complete gene delivery system can be produced intac, from recombtnam cells e g 
ret.ov.ra, vectors, me pharmaceuhca, prepara.ion can comprise one o, more cells which 
produce lhe gene delivery sysiem. 

In addhion ,„ use i„ , hcr apy, ^ oligomers of ^ ^ ^ ^ ^ 

d.agnos.ic reagems „ de.ee, me presence or absence of the urge, DNA, RNA or amino 
actd sequences ,o which ,hey specifically bind, In „,her as,*c,s, ,he claimed invemion 
may be user, ,„ evaluate a chemical entity for i, s abili.y ,o interac, wi,h, e.g., bind or 
Physically ass„cia,e wi,h ,he daimed Kay-ligand, or fragmen, thereof. The method 
■deludes comacing ,he chemical en.i.y wi.h ,he Kay-hgand, and evaluating the abihry 
of .he ernny ,o i„,e,ac, wi,h ,he Kay-ligand. Additionally, ,he Kay-ligand of .he 
■nvennon can be used in me,hods of evaluaing „a,u r a,ly occurring Kay-ligand or 
mmn of .he Kay-ligand, as we,, as ,„ evalua,e chem.cal e„„,ies wh.ch associa.e or 
bind wuh receptors of the Kay-ligand. 
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In certain aspects, the claimed invention features a method for evaluating a 
chemical entity for the ability to modulate the interaction between Kay-ligand and its 
receptor. The method includes combining a Kay-ligand receptor, and the Kay-ligand 
under conditions wherein the pair is capable of interacting, adding the chemical entity 
5 to be evaluated and detecting the formation or dissolution of complexes. These 

modulating agents may be further evaluated in vitro, e.g. by testing its activity in a cell 
free system, and then, optionally administering the compound to a cell or animal, and 
evaluating the effect. 

H. EXAMPI.FS 

10 c) Isolation of a receptor binding to the claimed Kay-ligand. 

Ligands of the TNF family can be used to identify and clone receptors. With the 
described Kay-ligand sequences, one could fuse the 5' end of the extracellular domain 
of the Kay-ligand which constitutes the receptor binding sequence to a marker or 
tagging sequence and then add a leader sequence that will force secretion of the Kay- 
15 hgand in any of a number of expression systems. One example of this technology is 
described by Browning et ah, (1996) (JBC 271, 8618-8626) where the LT- P ligand was 
secreted in such a form. The VCAM leader sequence was coupled to a short myc 
peptide tag followed by the extracellular domain of the LT- P . The VCAM sequence is 
used to force secretion of the normally membrane bound LT- P molecule. The secreted 
» protem retains a myc tag on the N-,erminus which does no, impair the ability to bind to 
a receptor. Such a secreted protein can be expressed in either transiently transfected 
Cos cells or a similar system, e.g., EBNA derived vectors, insect cell/baculovirus 
pacchia etc. The unpurified cell supernatant can be used as a source of the tagged 
ligand. 

5 Cells expressing the receptor can be identified by exposmg them to the tagged 

hgand. Cells with bound ligand arc idennfied in a FACS experiment by label.ng the 
myc tag with an anti-myc peptide antibody (9E10) followed by phycoerythrin (or a 
s.m.lar label) labeled anti-mouse ammunoglobulin. FACS poshive cells can be readily 
.denufied and would serve as a source of RNA encoding for the receptor. An 
express™ library would then be prepared from this RNA via standard techniques and 
separated into pools. Pools of clones would be transfected into a suitable host cel. and 
band.ng of the tagged ligand to receptor positive transfected cells determined via 
microscopic examination, following labelmg of bound myc peptide tag with an enzyme 
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labeJed anti-mouse Ig reagent, i.e. galactosidase, alkaline phosphatase or iuciferase 
labeled antibody. Once a positive pool has been identified, the pool size would be 
reduced until the receptor encoding cDNA is identified. This procedure could be 
carried out with either the mouse of human Kay-Jigand as one may more readily lead to 
a receptor. 

It will be apparent to those skilled in the art that various modifications and variations 
can be made m the novel Kay-ligand, compositions and methods of the present 
invenuon wnhout departing from the spirit or scope of the invention. Thus, it is 
intended that the present invention cover the modifications and variations of this 

ZZZu thCy C ° me Wi,hi " thC SC ° Pe ° f ,hC 3ppended claims *" d ^eir 
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2. 

5 3. 
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15 6. 



7. 



20 9. 



A DNA sequence encoding Kay-ligand or a fragmen, .hereof. 

SeZToT Kay " liea " d ' ~ «" of 

J>£Q. ID. NO. 1 or SEQ. ID. NO. 3. 

A DNA sequence consisring KMmiaIly of SEQ. ID. NO. , or SEQ. rD No 3 

ZZ A »7T S 8 ^ P * M * "~ - — of ' 
!>EQ. ID. NO. 2 or SEQ. ID. NO. 4. 

SEQ. fD NO. 3 sad fr agmM , „ „ 

DNA sequence encoding a po.ypep.ide ,ha, is a, ,eas, 30% horooiogous wirh an 
active site of Kay-ligand. fwiman 

A DNA sequence according ,o data 2 wherein said sequence consisrs 

essonoally of SEQ. ID. NO. J or SEQ. ffi NO 3 whh L 

, . w-uj. jnu. j with conservative 

substitutions, alterations or deletions. 

A recombinant DNA molecule comDrisino a r>MA 

.. . comprising a DNA sequence encoding Kay- 

ligand, said sequence operativelv linked tn a « 

P auveiy Jmked to an expression control sequence. 

The molecule of claim 6 comprising SEQ. ID. NO. 1 or SEQ. ID. NO. 3. 

A unicellular host transformed with a recombman, DNA molecule of claim 6 or 



JO- A method for producing substantially p Ure K ay -H gand coniprjsing ^ 

culturmg the unicellular host of claim 8. P 

> I- Ka y - ligand essemiaJJy ffee of nonnajjy assocjatcd ^ ^ 
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12. The Kay-ligand of claim ] 1 consisting essentially of SEQ. ID. NO. 2 or SEQ. 
ID. NO. 4. 



13. 



14. 



15. 



10 



16. 



15 17. 



18. 



20 



19. 



20. 



A pharmaceutical composition comprising a therapeutically effective amount of 
Kay-ligand or an active fragment thereof, and a pharmaceutically acceptable 



carrier. 



25 



A method for preventing or reducing the severity of an autoimmune disease 
comprising the step of administering a therapeutically effective amount of a 
pharmaceutical composition according to claim 13. 

The pharmaceutical composition of claim 13 wherein said Kay-ligand or active 
fragment thereof comprises SEQ. ID. NO. 2 , or SEQ. ID. NO. 4, or a 
biologically active fragment thereof. 

A method for preventing or reducing the severity of an immune response to a 
tissue graft comprising the step of administering a therapeutically effective 
amount of a pharmaceutical composition according to claim 13. 

A method for stimulating the immune system comprising administering the 
composition of claim 13. 

A method for suppressing the immune system comprising administering an 
effective amount of the pharmaceutical composition according to claim 13. 

A method for treating cancer comprising administering a therapeutically 
effective amount of the pharmaceutical composition according to claim 13. 

A method for identifying a receptor for the Kay-ligand comprising: 

a. providing the Kay-ligand or a fragment thereof, 

b. labeling said Kay-ligand or fragment thereof with a detectable label; 

c screening a composition to detect receptors which bind to the detectably 
labeled Kay-ligand of step b. 
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A soluble biologically active fragment of the Kay-ligand of claim 11. 



22. A polypeptide comprising an amino acid sequence that is encoded by a DNA 
selected from the group consisting of: 

a. a DNA sequence comprising SEQ. ED. NO. 1 or SEQ. ID. NO. 3; 

b. a DNA sequence that hybridizes to the DNA defined in a. and coding on 
expression for a polypeptide that is at least 40% homologous with the 
Kay-ligand of claim 12. 

23. An antibody preparation that is reactive to Kay-ligand or its receptor or 
biologically active fragments thereof. 



10 24. The antibody preparation of claim 23 



comprising monoclonal antibodies. 



15 



25. A method for producing an antibody preparation reactive to Kay-ligand or its 
receptor comprising the step of immunizing an organism with Kay-ligand or its 
receptor, or an antigenic fragment thereof. 

26. An antisense nucleic acid against Kay-ligand comprising a nucleic acid 
sequence hybridizing to at least a portion of SEQ. ID. NO. 1 or SEQ. ID. NO. 3. 



27. 



28. 



A pharmaceutical composition comprising an antibody preparation according to 
claim 24. 

A method of expressing a gene in a mammalian cell comprising: 
a- introducing a gene encoding Kay-ligand into a cell; 



^ b. allowing said cell to live under conditions such that sa.d 



29. 



25 



gene is 
expressed in said mammal. 



A method of treating a disorder related ,o Kay-ligand in a mammal 

a- introducing into a cell a therapeutically effective amount of a vector 

comprising a gene encoding the Kay-ligand; and 
b- expressing said gene in said mammalian cell. 
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30. The method of claim 29 wherein the mammal is a human. 



3 1 . The method of claim 29 wherein said vector is 



a virus. 



32. A method of inducing cell death comprising the administration of an agent 
capable of interfering with the binding of Kay-ligand to a receptor. 

33. The method of claim 32 further comprising the administration of inierferon-y. 

34. A method of treating, suppressing or altering an immune response involving a 
signaling pathway between Kay-ligand and its receptor, said method 
comprising the step of administering an effective amount of an agent capable of 
interfering with the association between Kay-ligand and its receptor. 

35. The method of claim 34 wherein said immune response involves human 
adenocarcinoma cells. 
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SEQ. ID. NO. 1 



51 

101 

151 

201 

251 



11 SS SSSS GTGGTCACTT A ~ 

^CCATCCT cSS SSSSS JJS^ 
GGAAAGCTGC TGGCTGCAAC C^C^cS 22^" ° TCCAAAGAG 
ft 301 CACGGTGGTG TCTTTCTArr GCACTGCTGT CTTGCTGCCT 

0 351 GCCTCCGGGC IgIgc^CAG GGcSS ° CTGCAAGGG GACC^GCcI 

401 GCAGGAGCCC CCAAG^CGG ££££2 ^GGAGAAGCT GCCAGCAGGA 
451 ACTGAAAATC TTTGAACCAC e22£iS^ GCTCCAGCTG TCACCGCGGG 
501 ACAGCAGAAA TAAG^C AGAAGGGAAG TCCAGTCAGA 

551 GACTGCTTGC AACTGATTGC SSZJ 2^*°**^ AGTCACTG AA 
601 ATCTTACACA TTTGTTCCAT gSSSSJ ACACCAACTA TACAAAAAGG 
651 TAGAAGAAAA AGAGAATAAA £522? 2^***** GGAAG ™CCC 
701 ATATATGGTC AGGTTTTATA J^S AAGAAACTGG TTACTTTTTT 
751 AATTCAGAGG AAGAAGGTCC IJSSSSS SS™"* TCGGA ^TCT 
801 CTTTGTTTCG ATGTATTCAA AAtS^ GGATGAATTG AGTCTGGTCA 
851 TGCTATTCAG CTGGCATTGC ^ C * CTACC CAA ™TCC 

90 TGCAATACCA AGAGAAAAtJ CACAAaSJJ JSSSSJ™ JUCTC «*«' 
951 TTTTTGGTGC ATTGAAACTG r£2«I ACTGGATGGA GATGTCACAT 
1001 ATTTTCCTCC CtSSSSS JS™*"** 
1051 TA ACCTCTAAGA AGAAAGAATC TAACTGAAAA 



SEQ. ID NO. 2 



* Sec LPRKESPSVR 

101 GLEEAPAVTA GLKJFEPpIp JS?2f£ AEL ° GHHAE K LPAGAGAPKA 

151 ADSETPTIQK GSVTpJp^ J^^PEE ™TQDC L QLI 

201 YTDKTYAMGH LIORKKV^ SSSSS SH?™* GY ™^ 

251 AKLEEGDELQ LAIPRENAQI SlSdSpg ST™ PNNSCY£AGI 



SEQ. ID NO. 3 



1 ss2s sssss sr^ c — 

agaaaggaga agatatgaaa SgggaSS aS^ TGT ttttgg ^ 

GAGGAGGGTC CCTGGTTTGG GATCTGCAGG r^,™ TCCGG *GAAG 
TACCCTCCTG CTGGCCCTGT Srr^™ GATGGAAGGC TGCTGGCTGC 
ACCAGTTGGC TCCCTTGCAA SSJSS! TTTCACAGCG ATGTCCTTGT 
CAGAGCTACC GAGGt£a£ ScaJcaS 1^°°^ CATGGAGCTG 
GACCGCTGGA GTCAAACTCC ^CACCGGC SS?"*™ 8 CTCCAGAG ™ 
CCAGCCGCGG CCACAGGAAC AgJcgSS J G f TCCTCGA CCCCACAACT 
GAACAAGATG TAGACCTCTC ^CAGGGACC AGAGGAAACA 

CCGCCATTCT CAACATGATC £5S5EJ ?° ACCATGCC ^CCTGGATG 
ACACATTTGT TCCA^GCT^ SSSSS SJEJ 0 "* 
GAGAAAGAGA ACAAAATAGT GGTCAGgTS J^S^** raCTTQGAG 
CAGCCAGGTT CTATACACGG ACCr^^ ACAGGCTATT TCTTCATCTA 
701 AGAGGAAGAA AGTACACGTC ^GCTATGGGT CATGTCATCC 

751 TTCCGATGTA TTCAGAATAT GC^S^ AGCTGAGCCT GGTGACCCTG 
801 CTCGG CTGGC ATCGCGAGGC TGGAAGAArr CTGCCCAACA ATTCCTGCTA 
851 TTCCTCGGGA GAATGCaSg IS£2J£ SJ**™ CAGG ™*AA 
901 GGTGCCCTAA AACTGCTGTA Ac£2£5 CACG ™CTTT 
951 CCTCGTCTTC TCTGTACCTC cSSS^f TGGAGTGCGT GATCCCCTTC 
1001 AAAGATGGGG AAAGCCgS A ° AGACGAGT GGAAAAACTA 

1051 GATCCAAACC AGGAAATA^ £22££ TCTCGTGACC CGTTGAATCT 

101 GAGTTATGAG AAACGgIgS JSSSJS JSS?^ 
1151 GTTTTCTCCA GTCCTTTGCC £5£S£ GAGGA AGACC 

««<-a<-GCACC GCAACCTTGC TTTTTGCCTT 



51 
101 
151 
201 
251 
301 
351 
401 
451 
501 
551 
601 
651 
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1201 
1251 
1301 
1351 



^J? ACACA TGTTCAGAAT GCAGGGAGAT TTCCTTGTTT TGCGATTTGC 
CATGAGAAGA GGGCCCACAA CTGCAGGTCA CTGAAGCATT CAcS^S 
CTCAGGATTT ACTCTCCCTT CTCATGCTAA 

AGGTAACTAC TATGGGATAC TATGGAAAGG TTGTTTGTTT TTAaISag 
lU, AAGTCTTGAA CTGGCAATAG ACAAAAATCC TTATAAaSJ H^SS 
1451 TAAACTTAAT TAAAAAGGTT TAAGTGTG AACTGTAAAA 



SEQ. ID NO. 4 

10 



15 



51 
101 
151 
201 
251 



1 MDESAKTLPP PCLCFCSEKG EDMKVGYDPI TPQKEEGAWF GICRDGRLLA 
f^ ALLS£ SFTAMSLY ^ AALQADLMNL RMELQSYRgI ATPAAAGAPE 
1 LTAGVKLLTP AAPRPHNSSR GHRNRRAFQG PEETEODVDL SAPPA^rf In 
CRHSQHDDNG MNLRNRTYTF VPWLLSFKRG NALEeSSi J^SSS 
YSOVLYTDP1 FAMGHVIQRK KVHVFGDELS LVTLFRC1QN SSSSS 
YSAGIARLEE GDEIQLAIPR ENAQISRNGD DTFFGALKLL MPKTLPNNSC 
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